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Method and apparatus for receiving and/or reproducing digital signals 



(54) 

(57) A method and apparatus is provided for receiv- 
ing and/or reproducing a digital signal, capable of effi- 
ciently recording a compressed, packeted digital signal 
(170-1 73) and inhibiting a copy thereof. An input packet 
signal is added (Fig. 9) with a time stamp indicating a 
relative time of an arrival of the packet, and the packet 
signals of digital information with the added time stamps 
are recorded at reduced intervals (Fig. 8(3)) therebe- 
tween. In reproducing, a packet interval adjusting circuit 
(Fig. 1 1 ) restores the original packet intervals in accord- 
ance with the time stamps, and then a time stamp 
change circuit (Fig. 9) changes at least one bit of the 
time stamp and thereafter outputs the digital informa- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method and apparatus for receiving and/or reproducing digital signals of movies, 
programs, and the like transmitted via transmission media such as coaxial cables, telephone lines, and broadcast sat- 
ellites. More particularly, the invention relates to such a method and apparatus capable of constraining a copy of a 
recorded digital signal. 

Description of the Related Art 

A method of inhibiting a copy of a video signal with a recording/reproducing apparatus is disclosed, for example, in 
JP-A-61 -288582. The technique described in this JP-A-61 -288582 adds a signal immediately after a synchronization 
signal of a video signal so that although a television can display this video signal, a video tape recorder (VTR) can 
record only an image of poor quality. 

Another JP-A-4-360068 discloses techniques of restricting a user to copy data or inhibiting a user to see an image 
of data, with a data recording/reproducing apparatus. 

As a method of compressing digital video signals at a high efficiency, the ITU-T Draft Rec. H. 262 standard called 
MPEG-2 (Moving Picture Experts Group) is known. MPEG-2 Systems working Draft is also known which is the trans- 
mission standard of video and audio signals compressed by MPEG-2. 

The above standards show the techniques of compressing a program and broadcasting it in a digital format. This 
compression method realizes a large compression rate so that a single transmission channel can broadcast programs 
four to eight times as many as a conventional analog broadcast. With this technique, services called near video-on- 
demand are already available in which the same 2-hour movie is repetitively broadcast at an interval of 30 minutes. 
However, it is impossible to broadcast all programs 24 hours for near video-on-demand. Therefore, subscribers have a 
great need for recording a program and reproducing it at a desired time to watch it. 

In recording/reproducing a digitally compressed and broadcast program, it can be considered that a received digital 
signal is decompressed and converted into an analog signal to record it with a conventional analog VTR. However, an 
analog signal recorded in the analog VTR loses a good signal-to-noise (S/N) ratio of digital signals. 

It is therefore desired to digitally record a digital broadcast signal. However, no tecnnique is disclosed as yet to 
record a digital signal compressed and broadcast, for example, in conformity with the MPEG standard. Generally, error 
correction is performed to a sufficient degree during recording/reproducing digital signals so that even if copies are 
made repetitively, the image quality is not lowered. However, on the other hand, it is difficult to protect the rights of a 
copyright holder rf a copy without image quality degradation is permitted. Techniques for protecting the rights of a cop- 
yright holder are disclosed in the above cited JP-A-61 -288582 for conventional analog VTRs. The other JP-A-4-360068 
discloses techniques for restricting a user to copy data or inhibiting a user to see an image of data, with a data record- 
ing/reproducing apparatus. 

However, techniques of recording digital signals compressed and transmitted in conformity with the MP£G stand- 
ard and restricting copies of recorded digital signals are not shown at all in the above documents. 

Although it is desired to directly record a digital broadcast signal itself, the technique of recording digital signals 
compressed and transmitted in conformity with the MPEG standard is not disclosed as yet. Generally, error correction 
is performed to a sufficient degree during recording/reproducing digital signals so that it is advantageous in that the 
same tape can be repetitively viewed without any image quality degradation. However, on the other hand, if the same 
tape is allowed to be repetitively viewed without any image quality degradation, a video tape like a cell video tape (a 
commercial video cassette tape of movies or the like) can be formed easily so that protection of the rights of a copyright 
holder is difficult. JP-A-61 -288582 discloses the technique of protecting the rights of a copyright holder for conventional 
analog VTRs. JP-A-4-360068 discloses the technique of restricting a user to copy data or inhibiting a user to see an 
image of data, with a data recording/reproducing apparatus. 

However, techniques of recording digital signals compressed and transmitted in conformity with the MPEG stand- 
ard and restricting copies of recorded digital signals are not shown at all. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method and apparatus for efficiently recording a signal com- 
pressed and broadcast, for example, in conformity with the MPEG standard, and constraining copies of such signals. 
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It is another object of the present invention to provide a method and apparatus for efficiently recording a signal com- 
pressed and broadcast, for example, in conformity with the MPEG standard, and constraining reproduction of such sig- 
nals. 

According to one aspect of the invention achieving the above objects, there is provided a method of record- 
* ing/reproducing a digital signal in which each of a plurality of programs is bit-compressed; the bit-compressed program 
is encrypted- the encrypted programs are time divisionally multiplexed; the time divisionally multiplexed programs are 
modulated with a single carrier; the modulated signal is transmitted: the transmitted signal is received; the received sig- 
nal is demodulated; at least one program in a packet format is selected from the demodulated signal; the selected pro- 
gram in a packet format is decrypted; a packet signal added with time information indicating an arrival time of each 
w packet included in the decrypted signal in a packet format is inputted, and the packet signal with the time information is 
recorded the method comprising the steps of: reproducing the recorded packet signal with the time information; and 
changing at least one bit of information bits of the time stamp contained in the reproduced packet signal, and outputting 
digital information with the changed time stamp. 

In operation of this method, packet signals with time information are inputted to the recording/reproducing appara- 
tus and recorded at packed intervals in order to improve a recording efficiency. In reproducing packet signals, packet 
intervals are changed to the original intervals in accordance with detected time information added to the packet signals 
and thereafter output from the recording/reproducing apparatus. Since packet signals are recorded after packing the 
intervals therebetween, it is possible to record them at a signal rate slower than the input signal, allowing efficient 
recording By using the time information added to the packet signal, packet signals can be changed to have the original 
packet intervals and thereafter they are reproduced. If at least one bit of the added time information is changed for the 
reproduction and reproduced signals are supplied to. and recorded with, another recording/reproducing apparatus, the 
original intervals between these signals cannot be restored because the added time information is different from the 
original time information. Accordingly, these signals cannot be decompressed and restored. 

According to another aspect of the invention achieving the above objects, there is provided a system in which a plu- 
rality of bit-compressed channel programs and their guide information including at least information of a date and time 
of program reception are transmitted and received, a program is selected from the plurality of received programs, the 
selected program is recorded and reproduced with a recording/reproducing apparatus, the reproduced program is bit- 
decompressed to restore and display an original program, the system comprising: means for forming new guide infor- 
mation by selecting guide information and information of date and time of the selected program from the plurality of 
received programs; means for outputting the selected program and the new guide information to the recording/repro- 
ducing apparatus at the same time; means for setting a current time by using information of date and time contained in 
the guide information of the plurality of received programs; means for comparing the current time with the information 
of the time and data contained in the reproduced new guide information; and means for inhibiting bit expansion of the 
reproduced program if the comparison result indicates that a predetermined period has lapsed. 

According to the structure of this system, the current time can be correctly and reliably set from the guide informa- 
tion of the plurality of received programs. Since the current time is set from the received information, it cannot be 
changed by a subscriber. Furthermore, new guide information is formed from received guide information when the 
selected program is recorded, and the new guide information contains information of date and time of program recep- 
tion Therefore a lapse time from the program reception can be known correctly and reliably by comparing the program 
reception date and time with the current date and time. If the lapse time exceeds the predetermined time, bit expansion 
is inhibited to restrict reproduction of a recorded tape. 

Other objects, features and advantages of the present invention will become apparent from the following descrip- 
tion of embodiments of the invention taken in conjunction with the accompanying drawings. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a digital broadcast system and an analog broadcast system to which the invention 

is W^- _ s ^ b(Qck diagram showing a program distribution center according to an embodiment of the invention. 
so Fig. 3 is a block diagram showing a transmission processing device according to an embodiment of the invention. 

Fig. 4 is a block diagram showing a receiver decoder according to an embodiment of the invention. 

Fig. 5 is a block diagram showing a receiver decoder according to an embodiment of the invention. 

Fig. 6 is a block diagram showing a VTR according to an embodiment of the invention. 

Fig. 7 shows signal waveforms according to the invention. 
55 Fig. 8 shows signal waveforms according to the invention. 

Fig. 9 is a block diagram showing a time stamp adder circuit according to an embodiment of the invention. 

Fig. 10 shows signal waveforms according to the invention. 

Fig. 1 1 is a block diagram showing a time axis adjusting circuit according to an embodiment of the invention. 
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Fig. 12 is a block diagram showing a decryption circuit and a decompression circuit according to an embodiment 
of the invention. 

Fig. 13 is a block diagram showing a decompression circuit for the time stamp according to the invention. 
5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A video distribution service using a satellite according to an embodiment of the invention will be described with ref- 
erence to Fig. 1. In Fig. 1, a reference numeral 10 designates a software supplier, numeral 20 an operation center, 
numeral 30 a program distribution center, numeral 31 a transmitter, numeral 35 a current broadcasting station, numeral 

70 36 a transmitter, numeral 40 an artificial satellite for distributing signals, numeral 50 a subscriber household, numeral 
51 a receiver, numeral 52 a receiver decoder numeral 53 a VTR, numeral 54 a TV receiver, numeral 55 a telephone 
set, and numeral 56 a receiver. 

The video distribution service is carried out by an operator managing the operation center 20. The operator signs 
a contract with the software supplier 10 and causes the required software to be supplied from the software supplier 10 

is to the program distribution center 30. According to the embodiment shown in Fig. 1 , only one supplier 10 is shown. Nor- 
mally, however, a plurality of software suppliers are engaged in supplying software. 

The program distribution center 30 transmits a radio wave toward the satellite 40 by means of the transmitter 31 
installed in the center 30. The satellite 40 receives the radio wave and retransmits it toward the subscriber 50. The radio 
wave thus transmitted is received by the receiver 51 . According to the embodiment shown in Fig. 1 , only one subscriber 

20 50 is shown. Actually, however, a plurality of subscribers exist 

The radio wave received by the receiver 51 is applied to the receiver decoder 52, and the software of a predeter- 
mined channel is selected by the receiver decoder 52. The software thus selected is recorded in the VTR 53 as 
required. The signal recorded in the VTR 53 and reproduced at the desired time is returned to the receiver decoder 52, 
restored into the original video signal, and applied to the TV receiver 54. In the case where the subscriber desires to 

25 watch the program without recording, the original video signal is restored without the VTR 53 and applied to the TV 
receiver 54. 

The subscriber may request a desired software from the operation center 20 by way of the telephone 55. Also, the 
operation center 20 can survey the receiving and viewing conditions of the subscriber 50 through the telephone channel 
from the receiver decoder 52 and charge the subscriber 50 in accordance with the viewing conditions. 

so Further, the radio wave transmitted from the current broadcast station 35 by the transmitter 35 is received by the 
receiver 56 and the received signal is input and recorded in the VTR 53. The signal reproduced in the VTR 53 may be 
applied to the TV receiver 54 to view the program. In the case where the VTR 53 is not required to record the program, 
the signal from the receiver 56 is of course applied to the TV receiver 54 and the program can be viewed directly. 
Fig. 2 is a block diagram showing the program distribution center 30 according to an embodiment in detail. In Fig. 

35 2, numeral 100 designates input means for software sent from the software supplier 10, numeral 101 input means for a 
control signal for the program or the like sent from the operation center 20, numeral 115 a supply unit for a storage 
medium, numerals 160 to 163 storage media, numerals 170 to 173 bit compressors, numeral 180 a transmission 
processing device, numeral 190 a program controller, and numeral 191 a program guide generator. 

The embodiment shown in Fig. 2 represents the case in which software is sent from the software supplier 10 in a 

40 storage medium. In this case, the terminal 1 00 acts only as a window for receiving the storage medium by the program 
distribution center 30. The storage medium thus received is stored in a storage medium supply unit 1 1 5 and is supplied 
to the storage media 160 to 163 under the control of the program controller 190. The signals reproduced at the storage 
media 1 60 to 1 63 are applied respectively to the bit compressors 1 70 to 1 73, where they are bit-compressed according 
to the MPEG-2 standard or the like. The output signal of the compressors 170 to 173 is applied to the transmission 

45 processing device 180. 

Also, a control signal for the program issued or the like is applied from the operation center 20 through the input 
means 101 to the program controller 190. The program issue control signal from the program controller 190 is applied 
to the storage medium supply unit 115, the storage media 160 to 163 and the transmission processing device 180. In 
accordance with this control signal, as described above, the storage medium in the storage medium supply unit 1 1 5 is 
so supplied to the storage media 160 to 163 thereby to control the reproduction, termination, etc. of the software of the 
storage media 160 to 163. 

Further, the guide information for the program distributed to the subscriber 50 from the program distribution center 
30 is generated in the program guide generator 1 91 in accordance with the information from the program controller 1 90, 
and applied to the transmission processing device 180. The transmission processing device 180 processes signals for 
55 transmission in accordance with, for example, the MPEG transmission standard described above. The signal thus proc- 
essed for transmission is applied to the transmitter 31 and transmitted toward the satellite 40 from the transmitter 31 . 

Fig. 3 is a block diagram showing an example of the signal processing operation in the transmission processing 
device 180. In Fig. 3, numerals 170a to 173a, 190a, 191a designate input terminals, numerals 170b to 1 73b. 31a output 
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terminals, numerals 181 to 184 encryptors. numeral 185 a time-division multiplexer, numeral 186 an error correction 
code adder, and numeral 187 a modulator. 

In Fig 3 the signals from the bit compressors 1 70a to 1 73 are applied through the input termmals 1 70a to 1 73a o 
the encrvDtoreW to 184 respectively. The encryptors 181 to 184 encrypt the supplied programs as required This 
rncS may be ejected on?on the video signal or the audio signal, or on both the video signal and the audio signaL 
The sK Zs encry^ed is applied to a time-division multiplexer 185. The terminal 190a ,s an input terminal or the 
^E^S^ciHar 1 90. The viewing right control signal (i.e. video and audio emrtement control mes- 
saoe J eTch Program is applied through the terminal 190a to the time^ivision multiplexer 185. Th,s signal includes a 

SlSSi supplied with program guide information from a program guide generator 191 through the input ter- 
r n Tl 91 a Each signal is packeted in a predetermined format and compressed and multip.exed in a time ax.s domanr 
Accorting to this emoodiment, the viewing right contro. signal and the program guide informal are shown without an 
encrvotor These signals, however, may also be encrypted. 

Te rate control information for each program is applied through the terminal 190a. This is me informal on tor brt- 
compressing the program input from the bit compressor 170 in the range of 4 to 8 Mbps. and the program mput Jrom 
^ comoressor 171 in the range of 2 to 6 Mbps, for example. According to this information, the time-div.sion multi- 
pl^r SJSSSs Z bit rate of the bit compressors 170 to 173. The time^ivision multiplexer 185 applies a contro. 
s gna to compressors 1 70 to 1 73 through the output terminals 170b to 173b. As a result, the brt rate of ea^pro- 
gran co^olledTsuch a way that the sgna. rate after time^ision multiplexing is less ^^ ^^^ 
The output signal of the time-division multiplexer 185 is applied to the error correction code adder 1 86. Ir Hhe case 
under conspiration, an error correction code is added for correcting the transm,ss,on error caused by the no.se in a 
^rchanneTshown in Fig. 1 . a CATV channel not shown or a telephone line. The output s.gna. of the error correc- 
Sn cooer ?s 2p^o the modulator 187, and in the case of the embodiment shown in Fig. 3, the programs of four 
chants a^daied on a sing.e carrier thereby constituting a single transmission channel. The signal modulated 
on the single carrier is sent toward the transmitter 31 through the terminal 31 a 

though the embodiment shown in Fig. 2 has four storage media so that the transmission Pressing dev,ce 180 
can be supplied with four programs, more programs can be time<iivision multiplexed by use of more storage med a. 

AccorSglo the embodiment shown in F,g. 2. signals for a single transmission channel are processed. Instead, 
signals for a X^^mission channels can be sent by providing a plurality of combinations of the storage media 
160 to 163 the bit compressors 170 to 173 and the transmission processing device 180. 

T^e transmLon *annel is defined as a signal modulated on a single carrier by time-d™s,on multplexing a plu- 
rality of programs as described above. Each of a plurality of programs is referred to simply as a chamtf . 

Rg 4?hows a specific example of the configuration of a receiver decoder at the subscnber household 50 £ig. 1 . 
In Fig 4 numeral 200 designates an input terminal for a signal from the receiver 51 . numeral 201 an '^u^utter- 
miS'for a signal for request a software from the operation center or a signal for exchange the signal for determin- 
ate receiving condTbns of a fee-charging broadcast, numeral 202 an output terminal for a signal restored numeral 
203 an input-output terminal for a signal exchanged wrth the VTR. numeral 205 an input terminal for a signal from the 
%i£ISE£m Mn Fig. 1. numeral 210 a tuner, numeral 220 an error correction circuit. 230 a program dividing circuit 
numeral 2^0 a Tange over circuit, numeral 250 a decryption circuit numeral 260 a decoding or decompressing , circuit 
^decompression, numeral 270 a signal output processing circuit, numeral 280 a control circuit, and numeral 290 

a " ^^^51 that has received a signal from the satellite 40 applies the received signal to the tuner 210 through 
the t^minT 2 00 The tuner 210 selects from among the received signals the signal of a desired transmiss.on channel 
Tn aSance ^witMhe contro. signal from the contro. circuit 280. and demodulates the signal modulated by the modu- 
*oM 87 S aS^e demodulated signal to the error correction circuit 220. The enor 

any error occurred mainly in the channel in accordance with the error correction code added by the error corrector, 
coae addeTSe Jig 3). The signal the error of which has been corrected is applied to the program dividing circuit 230. 
Tht pro^mlv ding circuit 230 selects and outputs a desired program in accordance with the contro. signal from ithe 
control circuit 280 from a plurality of programs time<livision multip.exed by the time-d.v, S ,on multiplexer 1 85 on a single 
so transmission channel. ^ ^ ^ ^ ^ ^ ^ ^ d ^ 

cuit 290 ana" further through the terminal 203 to the VTR 53. The VTR 53 records thed.gital brt stream apphed thereto 
aS afpiaZok Ses ^'signal to the interface circuit 290 through the terminal 203 in the same format as the input b. 
s£am 'IhS^Sanal of the interlace circuit 290 is applied to the change-over circuit 240. V»«r^<*Z£ 
*s Elects anToutputs a signal from the program dividing circuit 230 when restoring the ^ceived signal ] and se,ects 
and outputs a signal from the interface circuit 290 when selecting and outputtmg a reproduced oulput signal of the VTR 
^ in accordance with the control signal from the control circuit 280. 

The ou^rs^na. of the change-over circuit 240 is applied to the decryption circurt 250. The 
decrypt^ mTsigna. encrypted by the encryptors 181 to 184 (Fig. 3). The decrypted signal the decryption court 250 is 
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applied to the decoding circuit 260, where the bits compressed at the bit compressors 160 to 163 are decoded and 

decompressed. . 

The bit<lecompressed signal from the decoding circuit 260 is applied to the output processing crcurt 270 as a com- 
ponent signal containing a luminance signal and two color difference signals. The two color difference signals applied 
5 to the output processing circuit 270 are subjected to quadrature modulation and thus converted into a carrier chromi- 
nance signal, so that the output processing circuit 270 produces the resulting carrier chrominance signa t and the i lumi- 
nance signal. The output signal is applied through the terminal 202 to the TV receiver 54. Just in case the TV receiver 
54 has only a composite input terminal, the output processing circuit 270 may produce a composite s.gnal by add ng 
the luminance signal and the carrier chrominance signal. Further, both a signal containing the luminance signal and the 
io carrier chrominance signal and a composite signal may be produced. rarillir ed 
Also the signal applied from the receiver 56 through the input terminal 205 is recorded in the VTR 53 as required, 
and a reproduced signal is applied to the TV receiver 54. When the signal is not recorded in the VTR 53. on the other 
hand the input signal or an equivalent signal is applied to the TV receiver 54. In the embodiment shown in Fig. 4. the 
signal not yet decrypted is recorded in the VTR S3, and therefore the signal is not decrypted at the time of recording in 
is the VTR 53 The subscriber thus can record free of charge and can be charged each time of playback. 

F,g 5 shows another specific example of the receiver decoder shown in F,g. 1 according to an embodiment. The 
component parts included in Fig. 5. which are partially shared by the embodiment of Fig. 4. are designated by the same 

reference numerals as the corresponding parts respectively and will not be described in detail. 

According to the embodiment shown in Fig.S. the change-over circuit 240 is located behind the decryption circuit 
20 250 as compared with the embodiment shown in Fig.4. Specifically, the output signal of the decryption circurt 250 is 
applied to the VTR 53 and the change-over circuit 240. and the output signal of the VTR 53 to the change-over circuit 
240 The output signal of the change-over circuit 240 is applied to the decoding circuit 260. 

The embodiment shown in F,g.5 concerns the case of recording a signal decrypted at the decryption crcurt 250. In 
this case, the decrypted signal is recorded in the VTR 53. Therefore, the subscriber is charged for decryption at record- 
25 ina and can playback without being charged. 

Although the decryption circuit 250 is arranged behind the program dividing circuit 230 in the embodiment shown 
in Fig 5 the program dividing operation may be performed after decryption. 

Fig 6 is a block diagram showing a VTR 53 according to an embodiment. In Fig. 6. numeral 300 designates an 
inputHDulput terminal for a signal from the receiver decoder 52 shown in Fig. 1 , numeral 302 an input terminal for a s.g- 
nal from the receiver 56 shown in Fig. 1. numeral 303 an output terminal thereof, numeral 305 an interface arcurt 
numeral 31 1 a parity adder circuit, numeral 312 a modulation circuit, numeral 320 a tape transport system, numeral 330 
a demodulation circuit, numeral 331 an error correction circuit, numeral 340 an analog video signal recording arcurt 
numeral 350 an analog video signal reproduction circuit, numeral 360 an analog audio signal recording circuit, and 
numeral 370 an analog audio signal reproduction circuit. , ^ ^ , . „ :„ torfe ,^ a „ ir 

The signal applied through the input terminal 300 is applied to the parity adder circuit 31 1 through the interface cir- 
cuit 305 The parity adder circurt 31 1 is for adding a parity code for correcting any error which may occur in the tape 
transport system 320. The output signal from the parity adder circuit 311 is applied to the modulation circurt 312. The 
modulation circuit 312 modulates the digital signal into a form suitable for the tape transport system 320. Such schemes 
as NRZ, NRZI. 8-10 conversion. MFM. M2, etc. are known for modulation. The modulated signal is applied to the tape 

40 transport system 320 and recorded in a magnetic tape. ^ . 

At Dlavback the reproduced signal is applied to the demodulation circurt 330 where it is modulated in correspond- 
ence with the modulation circurt 312. The output signal of the demodulation circurt 330 is applied to the error correction 
circuit 331 . where any error which may have occurred in the tape transport system 320 is corrected on the basns of the 
oarrtv code added at the parity adder circuit 31 1 . The output signal of the error correction crcurt 331 .s applied to the 
45 interface circuit 305. and after being converted into a signal in the same form as the signal input from the input terminal 
300. is output from the terminal 300. The signal output from the terminal 300 is applied to the receiver decoder 52 

Sh0V teseen from the embodiment of Fig.6, the VTR 53 requires therein none of the bit compressors 170 to 1 73 shown 
in Fig 2 and therefore a digital signal VTR small in circuit size can be realized. Also, no bit compressor is required in 

so each VTR but only at the program distribution center 30. Therefore, although the center increases in arcurt size and 
cost a high-performance bit compressor can be used, and the resulting higher relative bit compression ratio reduces 
the data rate of the digital signal transmitted. Consequently, the VTR 53 used by the subscriber can be improved in 

aualitv reduced in cost and can record for a longer time. 

An analog signal is applied through the termm^^ 

55 340 and the analog audio signal recording circuit 360. where the signal is processed according to the VHS standard, p 
standard or the 8-mm VTR standard, for example. The signal thus processed is applied to the tape transport system 
320. The tape transport system 320 records the signal in accordance with respective formats as .n the conventional 
VTR. 
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At ni*vback the sianal reproduced at the tape transport system 320 is applied to the analog video signal reproduc- 

^ZTT^ZLc diagram showing an example of a signal (or an output signal from the output terminal 31a 

conoerna the cse ; in -oh there are ' « J i'S^^^^S^SSJ^ 

""f^JJiSSm shown in Fig 2 the four programs generally hav. different transmiaaion rales. From the iosran- 
J^ L^l - loom'isl^sas'ed or deceased. In order to enlcien., oontro, «tls ..na.oa ^ in*, 
mldnla^^d time-drvislon mul.ip.exad as shown in Fig. 7. Detaila o. the signal in « P"?«~<*£^ 
rSnamleeion aandards reterred ,0 adova. Thoogh no, shown in detail -fj / " * 

? J2 eiiS. rfT ■ 7m™ assumed to have been selected. The selected signal shown in F,g.7(1) whose errors 
S^S^cSLii^S is applied to the program dividing circuit 230. The program indicated by the 
SSt asTmrf to have been se.ected from the time-division multiplexed four programs at the 
JSsi m such a case the program guide information PG, the viewing right control signals VECM. AECM are also 

time'as the video signal VI and the audio signal A1 . Rg. 8(2) shows the s,gna. rep- 

^Sref^nc^ 

♦ * tJJSJS Ml from^eVTR 53 but the signal from the tuner 21 0 is selected directly by the change-over or- 
cu 240 rESiS *2J^P^SS5i*n in Rg. 8(2) is decrypted by the decryption circuit 250. This decrypt-on 
TJ£n££ LcTrdinq tftne viewing right control signals VECM, AECM shown in Rg. 8(2). More specrf.cally. .n toe 
a ^XSel housed L'the right to view the program se.ected just now the code is de^ypted. wNe 
wS, me subscriber household has no right to view the program, the code .not o^ryptea. 

v^inq right is indicated or information indicating a method for acquiring the «e™ng «ight * j^J^^J™ 
iTSe output of this information is what is called the on-screen-display (OSD). Th,s .nformation « added to the v,deo 

vJ^^XwSL iZSa. 2. and decodes a signal input according to the MPEG-2 standard, for example Inthe 

Sfwhe e a signal compressed according to the MPEG standard is decoded, it is necessary to ^ r ° n ' ze *^ 

mi^sTnafwrrme data to be decoded. In the case where the transmitted signal fails to be synchronized w.th the data 

^SSZ^SZS* rate is higher than the transmission rate, for example the data 

h JUcnr. imrmssible In order to prevent such an inconvenience, a clock reference called SCR (System CtocK Meter 

enceto ?WrS5^S5c W*™) - added to the packet according to the MPEG standard. 

2<SZ* dock M is restored according to this clock reference. This is described, for example, in MPEG-2 System 

3^0^(^^/8029^01 ? No. 601 MPEG92/Novembe, 1993), PP . 20-25. As a result, the arrrva. t,me 

" to be recorded in the VTR 53. therefore. ■ is necessary to conceive a method 

*t. rf^SZ^frSn the transmitter 31 shown in Fig. 2 is assumed to be 40 Mb/s. Among these Pte assume 
rate of the signal ' r °™ 1 " . assigned for error correction and that the header .nformation 

Z££S> the *«nn<Lon circurt 220 shown in Figs. 5 and 6 and the header information requ,red for transmission 
is removed, the bit rate is about 30 Mb/s as expressed by the following Equation (1): 

40 x (6/7) x (139/147) =30.3 m 
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As shown in Fig 8(2) packets exist successively at some parts and with intervals of several packets at other parts. 
For the VTR 53 to record while maintaining these time intervals of signals, a recording at higher rate than shown in 
Eouation 1 is required. As shown in Fig. 8(2). packets are not sent for some time intervals. As far as packets can be 
packed for recording and restored to the original time intervals at the the time of reorodudion therefore. 
rate can be reduced as compared with the value shown in Equation 1 . Fig. 8(3) shows s,gnals applied to the VTR 53 
from the interlace circuit 290 in Figs. 5 and 6 for record.ng the packets in packed state at the time of recording and 
restoring the packet intervals to the original time intervals at tne time of reproduction. 

F.g 8(3) shows signals applied to the interface circuit 290 from the program dividing circuit 230 in the embodiment 
shown in Fig. 5 and from the decryption circuit 250 in the embodiment shown in F.g. 6. The interlace amort 290 adds 
information (time stamp) indicating the time of packet arrival as header information to the input signal. ^°^' n ^" 
tion than the time stamp may be further added as header information. Also, it is necessary to "»£ttapMm- 
mission rate in order to add the header information such as a time stamp to the input signal to the interface circurt^ 290 
shown in Fig. 8(2). Fig. 8(3) shows a model of such a case. More specifically, a packet is transmitted for a shorter trans- 
mission time in Fig. 8(3) than in Fig. 8(2). „ . . ♦ ^ 
Fig 9 shows a circuit for adding a time stamp according to an embodiment. Numeral 400 des.gnates an inpH : ter- 
minal for a clock signal to count the time stamp, numeral 401 an input terminal for a packet signal shown in Fig. 8(2) 
numeral 402 an output terminal for a signal to which a time stamp is added, numeral 410 a counting crcurt. numera 
41 1 a latch circuit, numeral 420 a memory, numeral 430 a packet head detection circuit, numeral 431 a memory control 
circuit, numeral 440 a multiplexing circuit, and numeral 450 a delay circuit 

The packet signal shown in Fig. 8(2) is applied through the terminal 401 to the memory 420 and the packet head 
detection circuit 430. The packet head detection circuit 430 detects the head of the packet of the s.gnahnput and the 
resorting detection signal is applied to the latch circuit 41 1. the control circuit 431 and the delay crcurt 4S0 The clock 
signal supplied from the terminal 400, on the other hand, is applied to the counting circu.t 410 thereby to .count the dock 
signals continuously. The output signal from the counting circuit is applied to the latch circuit 41 1 The latch crcurt :41 1 
latches the count input by the packet head signal from the packet head detection circuit 430. The count thus latched is 
applied to the multiplexing circuit 440. This count provides time stamp information for a packet. 

A control signal for the memory 40 is generated on the basis of the packet head detection signal applied to the con- 
trol circuit 431 . The clock signal applied from the terminal 404 is used as a write clock for the memory 420 This .s by 
reason of the fact that the clock signal coincides with the packet signal frequency applied from the terminal 40T The 
clock signal applied from the terminal 403 is used as a read dock for the memory 420. A frequency higher than that of 
the write dock applied from the terminal 404 is selected as a frequency of this dock signal. In the case^ where the wnte 
clock frequency is 30.3 MHz according to Equation 1. for example, the read dock trequency is setter 48.152 MHz. The 
read clock constitutes a bus clock frequency of the signal sent to the VTR 53 from the terminal 203 shown in Figs. 5 
and 6 In the process, the clock signal for the counting circuit 410 applied from the terminal 400. i.e the dock signal 
frequency for the time stamp is the same as the dock signal frequency applied from the terminal 403. for example In 
this case, the same signal can be used for the bus clock signal applied from the terminal 403 as the dock ^signal for the 
time stamp. This is, however, not to limit the time stamp clock frequency to the same frequency as the bus clock fre- 

^ After a predetermined length of time after a packet is applied to the memory 420. the packet is read from the mem- 
ory The frequency of the read clock signal is set higher than the write clock signal frequency. Therefore, the transmis- 
sion time of the output packet can be reduced as compared with the transmission time of the input packet signal as 
shown in Figs 8(2) and 8(3). As a result, even where a succession of packets are transmitted, as shown in F.g. 8(3). a 
period of time is available for adding the header information including the time stamp. The output signal of the memory 
420 is applied to the multiplexing circuit 440. 

Thedelay circuit 450 delays the packet head detedion signal and outputs a gate signal indicating the position of 
addition of the time stamp signal in accordance with the packet signal output from the memory 420. The particular gate 
signal is applied to the multiplexing circuit 440. where the time stamp from the latch circuit 41 1 is added and the s.gnal 
shown in Fig. 8(3) is output from the terminal 402 in accordance with the gate signal. 

The signal shown in F,g. 8(3) is applied through the terminal 203 shown in Figs. 5 and 6 to the VTR , 53. F tg. 10(1) 

shows signals corresponding to Fig. 8(3), and charaders P1 , P2 designate input packet signals. In the VTR S3, as 

shown in Fig 7 the packet signals P4, PS... shown in Fig. 10(1) are applied to the parrty adder crcurt 311 through the 
terminal 300 and the interface circuit 305. The parity adder circuit 31 1 indudes a memory (not shown) of a capacty = for 
storing at least as many signals as to be recorded in a single track, which memory stores the packet signals P4 P5 
The parity adder drcuit 311 outputs packet signals in packed state as shown in F.g. 10(2). There are gaps formed 
between the packets of the input signal shown in Fig. 10(1) as explained with reference to F.g. 8. Since the packet sig- 
nals are output with the gaps thereof closed, as shown in Fig. 10(2). however, the rate of the output agnalis lower than 
that of the input packet signals. The recording rate for the tape transport system 320 can thus oe reduced. In F.g^ 10, 
the output signal (2) are shown delayed behind the input signal (1) by a track of period for the sake of simpl.cty. How- 
ever the delay is not limited to a track of period but may be as required for the signal processing. 
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a* tho w of reoroduction the signal reproduced and output from the tape transport system 320 is applied through 

canals Pi P2 whose intervals are restored to the original length. 

t Rg ' 11 numeral 510 designates a memory in the error correction circuit 331 . numeral 500 an -nP^ermma. for 

5,0 m^gnal output lot each ot the packets represented by the packet signals PI M horn me™™,, 5W» 

r_V7 n. 520 and the time stamp reap circuit 550. The reap operation of the memory 510 and the «■«• 

S^SSii wi* respect to IheUnaJ from the memory 51 0. thereby ^dinc ^me stamp s,gna. 

504 to th r Sun^cu rt P 551 counts the dock signal thus input and outputs the count *> the 

circurt 552 The coincidence detection circuit 552 outputs a co.nadences.gna. when the two 

^^^So^P?^ with time axis adjusted and output from the memory 520 are applied to a time stamp 

. " ■^^n^WSSKS pTT . -P- - ma memPh, 5*0 „ ,£ « IJJ 
rime sump shtwm ,n Fig- 8(3) to. say 0 i l«w or i e e , inte(tece 305 

are sa tooTt ?eeS. AhernaSvely, the same effect can be attained in .he time stamp gate ecu* 530 by changing at 
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least a bit of the signal at the position of the time stamp. As a result, when the reproduced signal is ^^ordedin another 
vTR it is no longer possible to restore the packets to the original position. The dubbing can thus be inhibited. 

As header information other than the time stamp shown in Rg. 8(1), a control signal may be ^™°^*» 
receiver decoder to change the time stamp, the control signal being used for judging whether all bus of the output time 
stamo are chanqed to 0 or 1 level or whether at least one bit is changed. 

stamp^ech^ang^ ^ reproducing signals reC orded with VTR 53 will be described. Table 1 shows example 

of the contents described in the program guide information PG shown in Figs. 7 and 8. 
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i h« a Hate and time when the program guide information was received by the subscriber 50. As shown in Fig. 2. 
!£U a oLStv S!^^^«£id on one transmission channel, a program is required to be selected from a 
s.nce a Arattyi J^^^jTj ? uner 210 ln order t0 discriminate between the packets of the video s.gnal. aud.o 

*** information, different identification PIDs are added. Therefore, 
are required to be added to packets of the -™<""*?" *" ™" 

packed identification information may be added to the packets of drfferent transm.ss.on channels. 

The program guide packet PG is decoded by the decoding circurt 260 and output to the TV recover 54 v,a the tar- 

S™.^ P«** PG shown in Fig.2 ,s changed, for example^ the inter- 

SS 290 so as to have the format limiting only to the channel information of the program to be recorded. F.g. 8(3) 
shows this changed program information packet MPG. 
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Channel 
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PID 
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PID 


VE 
PID 


AE 
PID 


Title 


Start 
time 


End 
time 


Date 


Time 


100 


VI 00 


A100 


VE100 


AE100 


News 


18:00 


19:00 


1995.1.1 


18:05:30:00 
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Fig 12 is a bloc* diagram S how.ng the details of the decryption c.rcurt 250 and decodrng «rcu.t 260 sh own ,n r» 
4 according to another embodiment In Fig. 12. reference numeral 600 represents an ,nput 

L ^™ over circurt 240 reference numeral 601 represents an output terminal, reference numeral 604 represents 
a iSSaSgn, to be transferred to and from the control circuit 280. reference numera. 605 
SoSS^iW^*-! of a control signal from the control circuit 280. reterence numera. 61 0 represents a setec- 
^^-Z^I I 620 reoresents a program guide information read circuit, reference numeral 621 represents a 

n^sSoTrS 651 XeJent a decryption circuit, reference numeral 660 represents a video signal decompression 
^^f^^S^X^^ audios^decompression circuit, and reference numera. 670 represents 

3 ^fSrthe case where a signal received by the tuner 210 is inputted, will be described. The signal corresponding- to 
Fia 8(2^22 to the term.nal 600. The program information packet PG has the same packet <toawm*tou*x- 

Therefore, in accordance with this packet 
610 selects the program guide information packet PG having the contents shown hi Table 1. The program 
TJL ctrSS the program guide information and supplies it to the program guide decoding cucurt 62 wh,tf un 
SoSoSaSwi the results to the selector 670. A control signal from the contro. circuit 280 ,s applied to the 
%£S£!H TuS to the program guide information read circuit 620 and select . If ^^^^l 
SSSd^ se ,ector 670 selects the signal input from the program guide decoding crcurt 621 and 

is then supplied via the output processing circuit 270 and termina. 202 to the TV 

^cSX oTa^ogram-s felected while looKng at the displayed program *^™«™-**f™« 
in J^ taunfed via the terminal 604 from the control circuit 280 to the program gu.de read crcurt 620 wh.ch 
SSn^^oSL^^ information of the channel and supp.ies it to the seizor 610. In accordance w* 
helnout pSdisaimination information, the selector 610 supplies the video packet V1, aud.o packet A1. v,ew,ng 
S^SiSSS pSets VECM and AECM to the video decompression circuit 660. audio decompress.cn crcurt 661 . 

^ S^iC^S^c^i STSers the contro. sign, to and from the contro. circuit 280 via the 
termS ZTS^oXc. with'the input viewing right information packets VECM and AECM, the v,ew.ng permissjon 
rTrTrit 640 iudoes whether the packets input to the decryption circuits 650 and 651 are to be decrypted, ff the 
^^^^21^7^ signa, indicating a charged program is supp.ied to the contro. *curt 280 
60S. The control circuit 280 stores a charged to., of the program and suopl.es ^W"™*™^ 
Z s.gna to the viewing permission judging circuit 640 via the termina. 605. The vew.ng P»"^^J?£? ™ 
operates if necessary decryption information by using the viewing right information packets VECM and AECM. and 
VS^S^'^^on circuits 650 and 651 . In accordance with signals input from the «V P«» 
dET640. the decryption circuits 650 and 651 decrypt the video packet VI and aud.o packet Al. The 
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decrypted video and audio packets VI and Al are supplied to the video decompression circuit 660 and audio decom- 

ST« -™ 6 ;°*- VEO P M and AECM C "^-^JSSSSSX 

resents a viewing P*™°" J*-^? ^ 210 is inputted , wi „ be desC ribed. The signal corresponding to 
Fio SilZSEtS tSS "SXTp^L^^ PG has the ^ packet ^^or^ 

tzo^e^m^e program guide information shown in Table 1 is inputted to the program 
trol circuit is input from the terminal 604 and the program gu.de informaaon is selected, the selector o u » 

, ^^^^ 

pliers can be protected. 
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According to the present invention, even if the recorded tape is copied, only a tape of the same condition is formed 
Therefore Sf a tape is copied without permission of copyright hoiders or service suppliers, .mages and sounds of 
the copied tape are restricted and a so-called pirated edition tape cannot be termed. 

Furthermore since the current time is set in accordance with the received signal, the current time w.ll not be 
changeTo3 not be shifted by subscribers. With the same reasons, the lapse time after the record can be correctiy 
showfand cannot be changed by subscribers, so that the rights of copyright holders and serv.ee subsenbers can be 
protected. 



Claims 
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i A method of reproducing a digital signal by a recording/reproducing apparatus (53) for recording/r eP"*^ a 
' packet signal (Fig. 8(3)) of digital information with a time stamp indicating a relative t.me of a packet arnval (F.g. 9), 
the method comprising the steps of: 

,5 adjusting (520, 540. 550. 551 , 552) the intervals of packets in accordance with the time stamp contained in a 

packet signal reproduced by said recording/reproducing apparatus; and 

changing (530) the time stamp contained in said packet signal reproduced by sa>d record.ng/reproduc.ng 
apparatus, and outputting digital information with said changed time stamp. 

20 2 A method according to claim 1 . wherein said digital information includes at least one of bit ^^^fj^; 
. mation. bit compressed audio information, video program information, and viewing perm.ss.on .reformation respec- 
tively in a packet format 

3. A method according to claim 1 . wherein all information bits of said time stamp contained in the reproduced packet 
25 signal are set to 0 level. 

4. A method according to claim 1 . wherein all information bits of said time stamp contained in the reproduced packet 
signal are set to 1 level. 

5. An apparatus for reproducing a digital signal by a recording/reproducing apparatus (53) for 
Tpacket signal (Fig^S)) of digital information with a time stamp indicating a relatrve t.me of a packet arnval (F.g. 
9), the apparatus comprising: 

interval adjusting means (520. 540, 550. 551 . 552) for adjusting the intervals of packets in accordance with the 
time stamp contained in a packet signal reproduced by said recording/reproducing apparatus; and 
time stamp changing means (530) for changing the time stamp contained in said packet signal reproduced by 
said recording/reproducing apparatus, and outputting digital information with said changed tme stamp. 

6. An apparatus according to claim 5. wherein said digital information includes at least one of bit cornpressed I video 
information, bit compressed audio information, video program information, and viewing perrrnssion .nformaton 
respectively in a packet format. 

7. An apparatus according to claim 5, wherein all information bits of said time stamp contained in the reproduced 
packet signal are set to 0 level. 

8. An apparatus according to claim 1. wherein all information bits of said time stamp contained in the reproduced 
packet signal are set to 1 level. 

9 In an apparatus for recording and reproducing a digital signal in which a plurality of programs (160-163) are time 

d 85?; at least one program in a packet format is selected (230) from said t.me^.v.s.ona.ly 
multiplexed signal; a packet signal (Fig. 8(3)) added with time information indicating an arrival tme of each packet 
^cluSsafd selected signal in a packet format is inputted, and said packet signal with the time formation (F.g. 
9) is recorded and reproduced, a method of reproducing the digital signal comprising the steps of: 

55 reproducing the recorded packet signal with the time information; and 

changing (530) at least one bit of information bits of said time stamp contained in said reproduced packet s.g- 
nal. and outputting digital information with the changed time stamp. 

10. A method of receiving a digital signal comprising the steps of: 
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receiving a plurality of programs (1 60-1 63) and program information (191) for discriminating a desired program 
from said plurality of programs; 

selectina (230) a program from said plurality of received programs; 

seiSng program inSrmation of said selected program, from said plurality of received programs, and forming 
new program information (Fig. 8(3) Table 2); and 

outputting (203) said selected program and said new program information to a recording med.a (53). 

1 1 A method according to claim 1 0, wherein said plurality of programs are multiplexed in a packet format and said new 
program information includes at least discrimination information of said packet. 

12. A receiver for a digital signal comprising: 

receiving means (210) for receiving a plurality of programs (160-163) and program information (191) for dis- 
criminatinq a desired program from said plurality of programs; 

seSg means (230) for selecting a program from said p.uralfty of programs received by said receding 

meansfor n selecting program information of said selected program from said plurality of received programs, and 
forming new program information (Fig. 8(3) Table 2). 

20 13 A method according to claim 10. wherein said plurality of programs are multiplexed in a packet format and said new 
program information includes at least discrimination information of said packet. 

14. A method of receiving a digital signal comprising the steps of: 
receiving a plurality of programs (170-173) bit-compressed and program information (191) for discriminating a 
desired program from said plurality of programs: 
selectina (230) a program from said DluralHy of received programs: 

seS Ifrogram information of said selected program from said plurality of received programs, and formmg 
new program information (Fig. 8(3) Table 2); 

outputting (203) said selected program and said new program information to a record.ng media (53), 
inputting (203) said program and said program information output from said recording med.a (53); 

with said input program information (620). 

15. A method according to claim 12. wherein said program information of said plurality of received programs includes 
at least identification information of each packet. 

16. A method according to daim 14. further comprising the steps of. 

adding at least information indicating a current time and a date and time of program reception to said program 
information of said plurality of received programs; 

adding at least information indicating a current time and a date and time of program reception to sa.d new pro- 

STcTent'time by using current time information contained program information of said plurality of 
received programs; 

comparing with time information contained in said input program information; and ^„„ Mitinn 
Sng recovering an original program if said comparison result does not satisfy a predeterm.ned condrt.on. 

so 17. A receiver for a digital signal comprising: 

reception means for receiving a plurality of programs (170-173) brt-compressed and program information (191) 
for discriminating a desired program from said plurality of programs; • ^„ m „ ramc . 

means (230) coupled to said reception means for selecting a program fromsaid plurality of recerrech pngmm. 
means for selecting program information of said selected program from said plurality of received programs, and 
tormina new program information; . /co *. 

means for outputting (203) said selected program and said new program information to a recording med.a i (53). 
means for inputting (203) said program and said program information output from sa.d record.ng med.a (53), 
means (610) for selecting said input program information; and 
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means for selecting (610) said input program and bit-expanding to recover (660, 661) an original program, in 
accordance with said input program information (620). 

18. A receiver according to claim 1 7, wherein said program information of said plurality of received programs includes 
at least identification information of each packet. 

19. A receiver according to claim 1 7, wherein: 

said program information of said plurality of received programs includes at least information indicating a current 
time and a date and time of program reception; 

said new program information includes at least information indicating a current time and a date and time of pro- 
gram reception; _ . 
a current time is set by using current time information contained program information of said plurality ot 

received programs; 

time information contained in said input program information is compared; and 

recovering an original program is inhibited if said comparison result does not satisfy a predetermined condition. 
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(54) Method and apparatus for receiving and/or reproducing digital signals 



(57) A method and apparatus is provided for receiv- 
ing and/or reproducing a digital signal, capable of effi- 
ciently recording a compressed, packeted digital signal 
(170-173) and inhibiting a copy thereof. An input packet 
signal is added (Fig. 9) with a time stamp indicating a 
relative time of an arrival of the packet and the packet 
signals of digital information with the added time stamps 
are recorded at reduced intervals (Fig. 8(3)) therebe- 
tween. In reproducing, a packet interval adjusting circuit 
(Fig. 11) restores the original packet intervals in accord- 
ance with the time stamps, and then a time stamp 
change circuit (Fig. 9) changes at least one bit of the 
time stamp and thereafter outputs the digital informa- 
tion. 
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